Objective. Voice quality provides information about the anatomical characteristics of the speaker. The patterns of somatotype and body composition can provide essential knowledge to characterize the individuality of voice quality. The aim of this study was to verify if there were significant differences in somatotype and body composition between normal and dysphonic speakers. Study Design. Cross-sectional study. Methods. Anthropometric measurements were taken of a sample of 72 adult participants (40 normal speakers and 32 dysphonic speakers) according to International Society for the Advancement of Kinanthropometry standards, which allowed the calculation of endomorphism, mesomorphism, ectomorphism components, body density, body mass index, fat mass, percentage fat, and fat-free mass. Perception and acoustic evaluations as well as nasoendoscopy were used to assign speakers into normal or dysphonic groups. Results. There were no significant differences between normal and dysphonic speakers in the mean somatotype attitudinal distance and somatotype dispersion distance (in spite of marginally significant differences [P < 0.10] in somatotype attitudinal distance and somatotype dispersion distance between groups) and in the mean vector of the somatotype components. Furthermore, no significant differences were found between groups concerning the mean of percentage fat, fat mass, fat-free mass, body density, and body mass index after controlling by sex. Conclusion. The findings suggested no significant differences in the somatotype and body composition variables, between normal and dysphonic speakers.
INTRODUCTION
The concept of voice quality is the result of a set of features constantly present in the speech production of a particular person. 1, 2 These characteristics include not only the organic component (relative to the structures of the vocal tract) but also the phonetic or functional component (the use of those structures, that is, the performed function). The study of these features is fundamental to characterize the voice quality of a particular speaker, especially when the speaker has a voice disorder or dysphonia.
Some challenges in the clinical practice of a speech and language therapist have been motivating the study of speech production variability. Issues such as slow or ineffective evolution and relapses in the rehabilitation process of the pathological voice make research in the intrinsic physical characteristics of the speaker important. These intrinsic physical characteristics of the speakers can explain their vocal individuality. Additionally, in our opinion, the identification of biomarkers (a naturally occurring characteristic by which a particular pathological or physiological process or disease can be identified) for dysphonia is of extreme importance for clinical practice. 3, 4 The voice phenomenon can be better understood if we analyze the morphological condition of the speaker. Many of the factors that determine the quality of the voice are beyond the control of the speaker. Differences in the size, shape, and muscular tone of the laryngeal structures may play a major role. Voices of men, women, and children reflect mainly anatomical differences, although intrinsic, anatomy-based features may be enhanced or diminished, depending on the sociocultural context. 5 Also, family voice disorders have been suggested to be due to genetic effects rather than to environmental effects. 6, 7 Actually, etiological factors of dysphonia are well known: poor postural habits, hypertonicity associated with psychological states, personality, tone associated with pharyngolaryngeal reflux, neuromuscular abnormalities, and mass lesions. 8, 9 However, according to our knowledge, studies including body composition biomarkers have not been considered in the field of voice disorders until the present moment.
Biological patterns of voice production associated with physical body characteristics are not new concerns in the field of voice quality research; however, the results achieved are controversial and none of these studies included dysphonic speakers. 6, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] Body size has been related to vocal tract morphology. [10] [11] [12] [13] [14] 16 Fitch and Giedd 10 found differences in vocal tract morphology both in male and in female speakers, including changes in vocal tract length and in the relative proportions of the oral and the pharyngeal cavities, with consequences in formant frequencies. These sex differences were part of the vocal remodeling process that occurs during puberty in males. 10 A deep male voice may be a predictor of body size (height and weight) and body shape (body configuration including measures of body circumferences and ratios derived from these measures). 11 On the contrary, Collins, Künzel, 20 González, 14 and Hamdan et al 15, 16 could not find any association between vocal and body characteristics. Table 1 brings together information about recent studies.
Some vocal quality studies, which consider morphological variables and morphology, have been developed especially in the field of obesity and weight loss. [17] [18] [19] [22] [23] [24] Body weight and body fat volume appear to influence objective measures of voice quality, 17, 18, 22 vocal aerodynamics, 17, 18 and phonatory range performance. 17 The distribution pattern of fat mass (FM) is derived from factors such as age, sexual dimorphism, morphological type, and age of obesity development. 25 The FM parameter, in particular, is a body composition measure scarcely considered in voice research studies. Also, a comparison has never been made between dysphonic and normal speakers to verify the influence of the relative amount of body fat (percentage fat [Fat%] ) on voice quality. However, body fat should be analyzed as it can compromise the upper airway and the vocal tract (uvula, soft palate, and the posterior region of the tongue), 26 can diminish lung function (because of adipose tissue presented around the rib cage, abdomen, and in the visceral cavity), and can reduce functional residual capacity. 27 Excessive fat accumulation in the larynx might also alter maximum phonation time, which would impair myoelastic and aerodynamic forces in the larynx adjustments, which are required for adequate phonation. 18 The amount of fat in an individual or a population can be related to diminished quality of life and with the emergence of certain diseases, 28, 29 namely the incidence of laryngeal reflux, apnea syndrome, and obstructive sleep apnea, particularly in obese people. 18 Despite the importance of this subject, previous literature has mostly focused on variables such as weight and body mass index (BMI), 10, 13, 14, 17, 19, 23, 24 which are not the most appropriate measures of body composition variability, and for that reason can condition the information that can be obtained and analyzed. In our opinion, body composition analysis must consider other morphological characteristics such as skull, neck, shoulder, chest, waist, and hip circumferences, shoulder-hip ratio, shoulderwaist ratio, waist-hip ratio, 11 muscle mass, fat weight, extremity fat, 15, 16 trunk fat, 15 extremity fat-free mass (FFM), trunk FFM, and body FFM. 16 Moreover, the morphological type that encloses a set of morphological traits or characteristics and integrates an individual into a certain category, often called morphotype or morphological type, 25, 30 seems to be another biological feature to consider in the study of voice quality although it was possibly never studied in the field of voice disorders. Somatotype is synthetic information about body build and is normally associated with motor efficiency. 31 The dimensional and proportional characteristics of an individual are related to postural changes, 32 and for this reason, head and thorax characteristics, in particular, can possibly be related to voice quality, 33 but until the present moment they have not yet been studied.
Aforementioned studies, which tried to characterize voice production based on physical body aspects, 6, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] reached few sustainable results and even controversial ones (like the influence of body characteristics on the pitch or fundamental frequency [F0] parameters [12] [13] [14] [15] [16] or the vocal differences between obese and nonobese speakers [17] [18] [19] [22] [23] [24] ), which need clarification in the near future. In addition, understanding the features of the dysphonic speaker is particularly important to define appropriate treatment strategies and prevent recurrences.
Therefore, despite the relevance of previous studies and the implications of the anatomic and physiological characteristics of speakers on voice production and in the characterization of vocal pathologies, it is important to persist in the study of postural and morphological characteristics, especially of the dysphonic speakers, to obtain an integral understanding of the voice phenomena. The aim of this study is to verify if normal and dysphonic speakers have different morphological characteristics, using more precise anthropometric methods such as somatotype and body composition.
MATERIALS AND METHODS

Subjects
The potential participants were largely recruited during the Week of Screenings of World Voice Day, in the Department of Ear, Nose and Throat (ENT), Voice and Communication Disorders, of the Santa Maria Hospital, Faculty of Medicine, University of Lisbon. Thereafter, other participants were recruited from the School of Health Sciences, Polytechnic Institute of Leiria, and from the Faculty of Medicine, University of Lisbon. The inclusion criteria were (1) age between 20 and 50 years, (2) Caucasians, (3) European Portuguese as their first language, (4) absence of functional respiratory changes, and (5) signed informed consent. The age range chosen for our sample aimed to exclude all subjects that were in morphological growth and vocal maturation processes, in menopausal age, and with a clear decline in morphological and vocal abilities as a result of aging. To assess functional respiratory changes, all the recruited patients were submitted to a spirometry exam in the Pulmonology Department of Santa Maria Hospital. In turn, subjects with musculoskeletal disease, craniofacial malformations, orthopedic trauma, altered spirometry values, neurological diseases, neck scarring from surgery, radiation therapy or trauma, and previous history of larynx surgery were excluded.
Smoking was not included as an exclusion criterion because etiology was not the aim of this study and because all individuals had performed a spirometry, as an eligibility exam, and only those with no functional respiratory pathology were selected.
Among the 91 individuals assessed, only 72 met all the inclusion criteria and did not evidence any exclusion criterion. They were screened in the following sequence: body composition analysis and then voice quality evaluation. Our sample constituted 35 males (48.61%) and 37 females (51.39%). The male mean age was 32.43 years (standard deviation [SD] = 9.94) and the female mean age was 31.74 years (SD = 10.52). The individuals were classified into two groups: normal or dysphonic speakers. This classification was done on the basis of their voice quality. The normal speakers group consisted of 40 participants (22 male and 18 female) with a mean age of 31.12 ± 9.64 years; the dysphonic speakers group was composed of 32 participants (13 male and 19 female) with a mean age of 33.72 ± 10.92 years. The author investigated the relationship between male human vocal characteristics and female judgments about the speaker, but there was no relationship between any vocal and body characteristics. The judges' estimates were incorrect except for weight.
Fitch and Giedd (1999) 10 Vocal tract length, height, and weight -There was a significant positive correlation between vocal tract length and body size. Additionally, the authors also documented a sex difference in vocal tract length that goes beyond sex differences in size. The adult difference in vocal tract length is caused by a secondary "descent of the larynx," which occurs in males at puberty. González (2004) 14 Height, weight, and derived measures (log10 weight, BMI, body surface area)
F0 and formant parameters-first, second, third, and fourth formants (F1-F4)
The author investigated the relationship between formant frequencies and body size in human adults. The relationship within sex between formant parameters and body size is very weak in human adults.
(continued on next page) Weight, fat weight, muscle mass, extremity fat (% fat in the right leg, % fat in the left leg, % fat in the right arm, % fat in the left arm), % fat in the trunk, height, and BMI F0, relative average perturbation (RAP), habitual pitch, shimmer, noise-toharmonic ratio, voice turbulence index, and maximum phonation time (
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The authors analyzed the correlation between acoustic parameters and body height, weight, and mass composition in young males. They concluded that there was a weak positive correlation between shimmer, trunk fat, and muscle mass. The body mass composition and distribution do not correlate significantly with the F0 and the habitual pitch.
(continued on next page) 
Anthropometric evaluation
Measurements were performed according to the standardized techniques adopted by the International Society for the Advancement of Kinanthropometry. All measurements were taken by the same anthropometrist, accredited by the International Society for the Advancement of Kinanthropometry. The technical error of measurement was lower than 5% for skinfolds and lower than 1% for the other measurements. The instruments were calibrated before use. Anthropometric variables included body mass (kg), height (cm), sitting height (cm); eight skinfold measurements (mm), namely triceps, subscapular, biceps, iliac crest, supraspinale, abdominal, front thigh, medial calf; four girth measurements (cm), namely arm relaxed, arm tensed, mid-thigh, calf; one length (cm) acromiale-dactylion; and eight breadth measurements (cm), namely biacromial, biiliocristal, transverse chest, anteriorposterior chest depth, biepicondylar humerus, stylion-ulnar, biepicondylar femur, malleolar. Anthropometric measurements were obtained using portable measurement devices. Stature and heights were measured without shoes and head covers, using a portable anthropometer (Anthropometric Kit, Siber-Hegner GPM, Zurich, Switzerland) calibrated to the nearest 0.1 cm. Body mass was measured with subjects wearing light clothing and no shoes, to the nearest 0.5 kg, using a scale (Secca model 761 7019009; Vogel & Halke, Hamburg, Germany) calibrated with known weights. Skinfold thickness was obtained using a skinfold caliper (Slim Guide, Rosscraft Innovations, Canada) (the tips at a pressure of 10 mg/cm 2 ), lengths and diameters using a large sliding caliper (Anthropometric Kit, Siber-Hegner GPM, Zurich, Switzerland), and girths using a Rosscraft anthropometric tape (Rosscraft Innovations, Canada).
The BMI was calculated using the formula BMI = weight/ height 2 , weight being expressed in kilograms and height expressed in meters. Body density (BD) was estimated using the Durnin and Womersley 34 equation, which considers as predictors ethnicity, sex, and age of the participants. Density was converted to Fat% by the Siri equation, adapted from Heyward and Stolarczyk. 35 FFM was also calculated. Somatotype, originally proposed by Sheldon at 1940, was determined according to Carter and Heath. 25 Characterization of the somatotype is done using a series of three digits. The first one relates to relative degree of adiposity (endomorphism). The second one relates to the degree of relative musculoskeletal development (mesomorphism), and the third one concerns the degree of linearity (ectomorphism). 25 Besides the three somatotype components, two specific equations were also considered: (1) the two-and three-dimensional distances between somatopoints, namely the somatotype dispersion distance (SDD), which shows how far the localization of an individual somatopoint is from the centroid of the sample (mean somatopoint) when plotted on the somatogram; 36 and (2) the somatotype attitudinal distance (SAD), which is the distance, in three dimensions, measured in somatotype component units, between an individual somatopoint and the centroid of the sample. 37 Voice quality evaluation The vocal assessment used was previously described by Franco et al. 33 For the purpose of the present study, an interview (initially used for the assessment of eligibility to participate in the study), a nasoendoscopy, as well as perceptual and acous- 
24 BMI F0 and HNR The authors suggested that obesity may influence voice production, because it restricts vocal fold vibration after vocal loading. In the obese group, an increase in the F0 after vocal loading was detected when compared with their basal condition. Also, a significant reduction in the HNR was observed after vocal loading in the normal weight group and an elevation in F0 and HNR after loading in the overweight group when compared with the normal weight group.
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6 tic evaluations were used to ensure an adequate judgment of the speakers' voice quality. Subjects were classified as normal or dysphonic speakers according to the methodology described by Guimarães and Abberton. 38 Consequently, a speaker was classified as dysphonic when he or she experienced at least two of the following conditions: (1) vocal complaints for more than 15 days, (2) evidence of structural lesion, or (3) alterations in laryngeal dynamics that are reflected perceptually and acoustically. We considered vocal complaints to be permanent or frequent episodic voice problems not related with respiratory tract disease or allergic situations. 38 For the acoustic and perceptual assessment, voices were recorded in a Faraday cage. We used a Marantz PMD660 (Kanagawa, Japan) with a Beyerdynamic TG H74c XLR (BK) condenser unidirectional headset microphone (Heilbronn, Germany), positioned laterally to the lips, keeping a constant distance of 5 cm for all participants. The corpus was collected in mono, with 32 bits, and a sampling frequency of 44,100 Hz. The vocal behaviors, performed at a comfortable pitch and intensity level, were sustained vowels and continuous speech (conversation and reading). 39 The sustained vowels are a stable behavior of the phonatory phenomena. Two samples were collected for each vowel and the most representative vowel sample was selected-that is, the natural tone and intensity normally used by the speaker. 39 The European Portuguese vowels [u], [i], and [a], corresponding to the extreme positions of the vowel phonetic system, were considered in this study. The conversation was about an action image that permits spontaneous speech samples and, obviously, a more habitual pitch. 40 The text that was read was the Portuguese version of "The Story of Arthur the Rat" (290 words), tried, pretested, and tested by Guimarães and Abberton. 38 Acoustic assessment was based on the following physical parameters: F0, intensity of the acoustic signal, jitter, shimmer, and harmonic-to-noise ratio (HNR). [41] [42] [43] These acoustic parameters were selected considering previous studies that tried to characterize vocal quality based on speakers' morphological issues, namely F0, 24 intensity, 17 and voice perturbation parameters. 17, 18, 22, 24 The acoustic analysis was performed with the Praat software (Version 5.3.23, Amsterdam, The Netherlands; Boersma and Weenink 44 ). For the vowel analysis, we only considered the medial portion (about 1.5 s) of the sustained phonation evaluated, as it corresponds to the more stable signal portion.
14 All acoustic parameters were obtained automatically from the selected portion of the signal.
The reference values of perceptive evaluation and acoustic measures, used to decide the diagnosis, were in accordance with Hirano, 45 Guimarães and Abberton, 38 Behlau et al, 46 and Mendes and Castro. 47 Acoustic characteristics of the speakers were presented in Table 2 . To ensure the reliability and validity of the perceptual and acoustic evaluation, we used unambiguous definitions and terminology, as well as five samples of speech and an experienced evaluator well trained in the methodology adopted. To complement the ENT evaluation and acoustic analysis, voices were classified as no perceptual deviation, mild, moderate, and severe deviation (0, 1, 2, and 3). A speaker who obtained a score ≥1 was considered dysphonic. 45, [48] [49] [50] [51] In the case of acoustic variables, individuals with intensity values different from 70 dB, with values higher than 0.5% for the jitter, higher than 3% for the shimmer, and/or lower than 7 dB in the case of HNR parameter were considered dysphonic subjects.
Also referent to the acoustic variables, individuals with F0 values substantially different from those described by Guimarães Abbreviations: F0, fundamental frequency; HNR, harmonic-to-noise ratio. For the video endoscopy, the following equipment was used: Olympus OTV-SI Digital Processor, Olympus Enf Type V2 Pal (Olympus, Auckland, New Zealand), with a Sony DVO-1000MD DVD recorder (Sony Corporation, Tokyo, Japan). We also recorded voice behavior during the nasoendoscopic exam with a Sennheiser EW100 G2 microphone (Wedemark, Germany). The participants performed the sustained [i] phonation with increasing frequency, standardized sentences, and quiet breathing. 52 Laryngeal inspection was done by the ENT surgeon using a nasoendoscopic exam. The nasoendoscopy was intentionally performed after the acoustic recordings to avoid the possible disagreeable sensation that the nasoendoscopy causes through the nasal cavity and the pharynx in the speech recordings.
Statistical data analysis
Data were analyzed with SPSS Statistics 20 (IBM Corporation, Chicago, IL) and the statistical significance level was set at 5%. Descriptive statistics measures were used to characterize the study sample: means and SDs for continuous variables, and frequencies and percentages for categorical variables. Independent samples t tests were applied for the comparison of dependent variables (SAD, SDD, BD, BMI, Fat%, FM, and FFM) in normal and dysphonic speakers. Because of the multivariate features of the somatotype, a one-way multivariate analysis of variance (MANOVA) was performed to evaluate if there were significant differences in the vector of somatotype components (endomorphism, mesomorphism, and ectomorphism) between normal and dysphonic speakers.
RESULTS
Our sample was constituted by 72 individuals: 35 males (48.61%) and 37 females (51.39%). They were assessed for eligibility by an interview and a spirometry. The descriptive characteristics of the participants' demographic variables are summarized in Table 3 , for both sexes. Table 4 presents the means and standard deviations for height, weight, and endomorphism, mesomorphism, and ectomorphism components considering sex and dysphonia.
Independent samples t tests were conducted to compare the mean of each anthropometric variable (SAD, SDD, BD, BMI, Fat%, FM, and FFM) between dysphonic and nondysphonic groups. The normality and the homogeneity of variance assumptions of independent samples t test were verified. Table 5 presents the means and standard deviations of anthropometric variables for normal and dysphonic speakers, according to sex, and the independent samples t test results for the comparison of each anthropometric variable between normal and dysphonic speakers. Means and standard errors of SAD, SDD, BMI, BD, Fat%, FM, and FFM for normal and dysphonic speakers are displayed in the bar charts presented in Figure 1 .
There were no significant differences between normal and dysphonic speakers in the mean SAD, SDD, BD, BMI, Fat%, FM, and FFM after controlling by sex. Even though no significant differences were found for any anthropometric variables, differences in SAD and SDD, between normal and dysphonic speaker groups, were marginally significant (0.05 < P < 0.10). Furthermore, Cohen's d effect sizes values regarding SAD and SDD variables exceeded Cohen's minimum value (d = 0.20) to be considered a small effect size.
The MANOVA was used to compare the mean vectors of somatotype components between normal and dysphonic speakers. Concerning the MANOVA assumptions, we found no significant departure from multivariate normality and we verified the equality of covariance matrices using Box's test. The MANOVA results revealed that there were no significant differences in the 
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somatotype between normal and dysphonic groups (Wilks' Λ = 0.941, F(3,65) = 1.348, P = 0.267; partial η 2 = 0.059) after controlling by sex and age. The somatotype components of normal and dysphonic participants with the correspondent groups' centroids are displayed in Figure 2 . Despite not finding significant differences in the mean vectors of somatotype components between normal and dysphonic speakers, the partial eta squared measure revealed that there was a small effect size.
DISCUSSION
This research intended to study somatotype and body composition differences between normal and dysphonic speakers groups, taking into account body complexity as well as several implications underlying these subjects. According to our knowledge, up to the present date, no studies have considered the effects of body composition and somatotype on voice disorders.
High levels of mesomorphism or endomorphism are generally associated with low values of ectomorphism. Nevertheless, correlations between endomorphism and mesomorphism are variable. A high value of mesomorphism may be observed in individuals with very different amounts of endomorphism and the reverse situation can also occur. 25, 30 As seen in Table 4 , the mean somatotype of normal speakers was 4.39-4.20-2.50 and 5.12-3.34-2.44, whereas those of the dysphonic speakers was 4.35-4.65-1.81 and 5.18-3.92-2.05, for males and females, respectively. The predominant somatotype of our sample was the meso-endomorph type for females of both groups, and the mesomorph-endomorph and the endomorph-mesomorph types for males in the case of normal and dysphonic speakers, respectively. Unfortunately, the studied sample was basically endomorph, not showing a somatotype representativeness that could help us to understand the impact of somatotype on voice quality.
Consequently, SAD and SDD mean values reflected this limitation and thus only marginally significant differences between normal and dysphonic speakers in the mean SAD and SDD (P = 0.059 and P = 0.072, respectively) were obtained. Besides that, MANOVA results showed no significant differences between the somatotype of normal and dysphonic groups. Unfortunately, we did not find studies that compared somatotype in normal and in dysphonic speakers.
In developed countries and cities, body weight and fat 30 have been showing a positive secular trend that may possibly be present in our sample. Especially, the females showed a higher value of endomorphism. This finding is relevant for the understanding of dysphonia because prevalence of voice disorders seem to be higher in females 6, 53, 54 and in obese speakers. 22, 55 Individuals with morbid obesity have shown significant voice changes compared with nonobese subjects. Obese peoples' voices have more hoarseness, breathiness, with higher instability and crepitation parameters, as jitter, shimmer, and noise. 22, 55 Our results may also be interpreted considering the hormonal influence on vocal development. 15, 56 Adipose tissue and androgen levels do influence each other in a bidirectional and reciprocal way. Testosterone has a negative correlation with obesity and androgens influence the amount and fat distribution. 56, 57 Additionally, body size is associated with serum levels of estradiol, and free estradiol is positively correlated with percentage and trunk FM. 57, 58 It is also known that menopause may likely affect obesity rates and body composition outcomes. However, we believe that this effect was controlled through the selected age range of our sample.
The increase in the BMI value at these ages and population segment (aged 20-50 years old and both sexes) usually suggests a rise in Fat%. 31 Considering the marginally significant differences in the mean SAD and SDD between groups, the risk presented by overweight people to develop dysphonia could also have been observed in our study. However, that was not possible as our sample was composed of essentially endomorph subjects.
The sample size, although statistically rated, was obtained while taking into account restrictions of time and money, which constituted a limitation. It prevented us from having a sample that was demographically representative of the voice quality and morphological characteristics of subjects, regarding somatotype and body composition variables. Furthermore, the majority of the subjects were recruited during the Week of Voice Screenings at the Hospital Santa Maria. Those that normally adhere to such events may have particular occupations and morphologies, which may bias the results.
Generally, our results seem to be in accordance with González 14 and Hamdan et al, 15, 16 although the authors did not study dysphonic speakers. González 14 found a very weak relationship between formant parameters and body size (specifically, height, weight, BMI, and other derived measures). In Hamdan et al, 15 the height, weight, muscle mass, and FM and its distribution do not significantly correlate with the F0 and with the habitual pitch in young males. Besides, there is no significant correlation between body composition (height, weight, muscle mass, fat weight, extremity fat, trunk fat, BMI, and other variables) and formant frequencies and dispersions. 16 Although the morphology of normal and dysphonic speakers has not previously been compared, literature on voice quality presents a substantial inconsistency in results regarding morphological variables and acoustic parameters. 6, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] One of the possible explanations for this is the variety of research questions, experimental designs, studied variables, and sample characteristics. Fitch and Giedd 10 and Evans et al 11 reported associations between vocal tract length and body size, verified by acoustic frequency parameters. However, Collins, 13 González, 14 Acurio et al, 24 Solomon et al, 23 and Hamdan et al 15, 16 were not in agreement with the previous authors because they have not been able to establish any significant associations. Barsties et al 17 found differences in voice quality between individuals with different body composition characteristics, and Da Cunha et al 18, 22 studied the effects of changes in body size after bariatric surgery and concluded that body weight and body fat volume seem to influence acoustic parameters of voice quality (particularly perturbation parameters) and aerodynamic parameters. Nevertheless, authors like Solomon et al 23 and Hamdan et al 19 found no differences before and after surgery. Solomon et al, 23 in particular, did not detect changes over time in acoustic parameters, maximum phonation time, laryngeal airway resistance, and airflow during a sustained vowel. Hamdan et al 19 in like manner did not find changes in grade, roughness, and breathiness perceptual parameters and in acoustical parameters (particularly, average F0, habitual pitch, and the perturbation parameters). Acurio et al, 24 in turn, presented no significant differences in perturbation acoustic parameters and maximum phonation time among BMI groups.
We present some important issues to be taken into account in future studies. Our work does not evaluate composed morphological variables, and little enlightening variables such as weight and BMI; this study assesses fat and FFM, which are much more informative and that should always taken into account in future studies. The sample size, considering that we are studying morphological variability, limits the interpretation of the findings. Therefore of this work, further studies are needed, involving a larger number of participants and a more representative sample of the adult population. In the future, we will have to assume other variables in the study of vocal production to attend to the morphological aspects of the speaker: (1) Obesity studies indicate that other pathologies frequently coexist with obesity, particularly gastroesophageal reflux, pharyngolaryngeal reflux, obstructive sleep apnea syndrome, and asthma. [59] [60] [61] [62] Their importance in the voice phenomena is widely known. 10, 63, 64 In our study, we took some of these factors into consideration when applying the inclusion and the exclusion criteria. However, gastroesophageal reflux and pharyngolaryngeal reflux were not considered as exclusion criteria; (2) Growth, development, and metabolism attained through sex hormonal profile may have a considerable effect on voice quality and body composition. 53 Similarly, vocal frequencies may also provide an indication of the speaker's hormonal quality. 11 However, our study did not consider hormonal variables.
CONCLUSION
Given the indivisible complexity of the body, we consider that a thorough evaluation of the individual is critical to the understanding of vocal pathology and to defining the vocal rehabilitation plan. Although the speakers are constituted of identical anatomical elements, they do not have the same physiological characteristics. Understanding the influence of body composition in the perspective of voice quality variation is important for the understanding of the speaker's own influences on their vocal production. This is particularly important in the study of possible recurrence of voice rehabilitation process and in the field of forensic phonetics so as to characterize and identify speakers.
No significant differences in the mean of SDD and SAD were found between normal and dysphonic speakers (in spite of marginally significant differences [0.05 < P < 0.10] in SAD and SDD between groups). These results are in accordance with the MANOVA results, which demonstrated no significant differences in the vector of somatotype components between normal and dysphonic speakers. Additionally, the findings demonstrated no differences between groups for body composition FIGURE 2. The three-dimensional scatter plot with the somatotype components of normal and dysphonic speakers.
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Normal and Dysphonic Adults' Somatotype and Body Composition variables, namely BD, BMI, FFM, FM, and Fat%. Although this study has been methodologically built with quite informative variables regarding body composition, such as fat and FMM (instead of previous studies that have worked with composite variables such as BMI), we were not able to show a perfect relationship between laryngeal conditions and dysphonia, given the diversity of individual anatomical and physiological characteristics, compensation capacity, and possible vocal demands. However, taking into account the work already published on this topic and our results, there seems to be no doubt about the importance of this working area, and that further research is still necessary to determine morphological biomarkers related to vocal quality and vocal pathologies.
